Because amiodarone has a prolonged half-life, several weeks of treatment may be necessary before its maximal electrophysiologic effects become manifest.l-" To hasten the onset of its therapeutic effect, amiodarone has often administered in high dosages for 1 to 2 weeks, after which time electrophysiologic testing has been performed.6-g However, although some previous studies have demonstrated that the results of electrophysiologic testing after 2 to 3 months of treatment with a maintenance does of amiodarone are concordant with the results of testing after short-term treatment,6-8 other studies have not confirmed this,lO, l1 and it is unclear whether an electrophysiologic test is clinically necessary after several weeks of therapy with amiodarone. Therefore the purpose of the present study was to compare the results of electrophysiologic testing after 2 weeks and after 2 months of treatment with amiodarone in a large group of patients who had ventricular tachycardia.
METHODS

Characteristics
of patients.
The subjects of the study were 71 consecutive patients who were treated with amiodarone for sustained ventricular tachycardia and who underwent electrophysiologic testing after 2 weeks and after 2 to 3 months of treatment with amiodarone. There were 63 men and eight women, with a mean age of 60 ? 11 years ( f standard deviation).
Sixty-six patients had coronary artery disease, two patients had valvular heart disease, and three patients had no evidence of structural heart disease. The mean left ventricular ejection fraction was 0.31 -t 0.13. Sixty-six patients had inducible sustained monomorphic ventricular tachycardia during baseline electrophysiologic tests that were performed for evaluation of sustained ventricular tachycardia (47 patients), ventricular fibrilla-June 1991 American Heart Journal tion (4 patients), unexplained syncope (7 patients),  or  nonsustained  ventricular  tachycardia  (8 patients) . Five patients did not have a baseline electrophysiologic study in the drug-free state because they were treated with amiodarone after they had had frequent recurrences of ventricular tachycardia that were resistant to other antiarrhythmic agents. Before treatment with amiodarone, the patients underwent unsuccessful electropharmacologic testing with 1.4 -t 0.7 class I antiarrhythmic drugs; in addition, a mean of 1.5 * 0.8 other class I antiarrhythmic agents failed to control ventricular tachycardia on a clinical basis. Amiodarone treatment.
The 71 patients were treated orally for 11 -t 3 days with 1.2 to 2.4 gm/day amiodarone. The total mean loading dose of amiodarone was 17.3 ? 6.8 gm. The mean plasma amiodarone concentration at the time of the first electrophysiologic test was 1.7 & 0.7 mg/ ml, and the mean desethylamiodarone concentration was 0.9 ? 0.3 mg/ml. All 71 patients were retested after 13 t 4 weeks of therapy with a daily amiodarone dose of 400 mg. After the first electrophysiologic test, 27 patients were treated with a class I antiarrhythmic agent in combination with amiodarone, and in these patients the class I drug was discontinued at least 5 half-lives before the second electrophysiologic test. The mean plasma amiodarone concentration at the time of the second test was 1.4 * 0.5 mg/ml (p < 0.01, compared with the concentration at the time of the first test), and the mean desethyl-amiodarone concentration was 1.1 * 0.3 mg/ml (p < 0.001).
Electrophysiologic study protocol. Electrophysiologic testing was performed in the fasting, unsedated state (after informed consent was obtained) with the use of two or three quadripolar electrode catheters, which were positioned in the right atrium, the right ventricular apex and outflow tract, and across the tricuspid valve to record the His bundle electrogram.
A 5F catheter that was introduced into a femoral artery was used to monitor the arterial pressure. Leads Vi, I, III, and the intracardiac electrograms were recorded on a Siemens Elema Mingograf 7 recorder (Siemens Medical Systems Inc., Iselin, N.J.) at a paper speed of 25 to 100 mm/set. Two-millisecond pulses were delivered by a programmable stimulator (Bloom Associates Ltd.), Reading, Pa. 
RESULTS
Electrophysiologic effects of amiodarone.
The mean sinus cycle length, AH and HV intervals, QRS duration, and QT interval increased significantly from baseline values after short-term therapy with amiodarone and remained unchanged after long-term therapy (Table I) . At a basic drive cycle length of 600 msec, the ventricular effective refractory period increased from the baseline value by a mean of 17 % f 12 % (p < 0.0001) after short-term treatment with amiodarone and by 14% rt 11% (p < 0.0001) after long-term treatment. There was no significant change in the ventricular effective refractory period between the short-term and long-term tests. The results were similar at a basic drive train cycle length of 400 msec (Table I) .
Baseline ventricular tachycardia characteristics.
sixty-six patients underwent baseline electrophysiologic tests in the absence of antiarrhythmic drug therapy. The mean cycle length of ventricular tachycardia that was induced in the baseline test was 285 k 56 msec, and the mean arterial pressure during the period of induced ventricular tachycardia was 47 f 17 mm Hg. In 10 patients, the mean arterial pressure during ventricular tachycardia ranged be-tween 65 to 80 mm Hg (mean 76 +-8 mm Hg), and in these patients the mean ventricular tachycardia cycle length was 336 + 50 msec. In the other 56 patients, the mean ventricular tachycardia cycle length was 274 -t 49 msec, and the mean arterial pressure ranged between 20 and 63 mm Hg (mean 41 +-12 mm Hg).
Short-term effect of amiodarone on the induction of ventricular tachycardia.
Among the 71 patients who underwent electrophysiologic tests after 11 + 3 days of amiodarone treatment, 44 had an adequate response to amiodarone; no ventricular tachycardia could be induced in 18 patients, only nonsustained ventricular tachycardia was induced in eight patients, and hemodynamically stable ventricular tachycardia was induced in 18 patients. In the remaining 27 patients, hemodynamically unstable ventricular tachycardia, which had a mean cycle length of 346 rt 58 msec and which was associated with a mean arterial pressure of 50 f 8 mm Hg, was induced. In these patients, a class I antiarrhythmic agent was combined with amiodarone to obtain a satisfactory effect on the inducibility of ventricular tachycardia. Amiodarone was used with mexiletine in eight patients, with quinidine in nine patients, with encainide in seven patients, with flecainide in two patients, and with tocainide in one patient. In one patient ventricular tachycardia was noninducible and in another only nonsustained ventricular tachycardia could be induced. In the remaining 25 patients, a slower and hemodynamically stable ventricular tachycardia was induced. The mean ventricular tachycardia cycle length in these 26 patients increased from 347 + 57 msec to 411 & 71 msec (p < O.Ol), and the mean arterial pressure increased from 50 ? 8 mm Hg to 75 a 14 mm Hg (p < 0.001) after addition of the class I antiarrhythmic agent.
Long-term effect of amiodarone on induction of ventricular tachycardia.
All patients underwent another electrophysiologic test, after 13 -+ 4 weeks of therapy with amiodarone, to evaluate the efficacy of longterm treatment with amiodarone in preventing the induction of hemodynamically unstable ventricular tachycardia. In 34 patients (45%), amiodarone was effective in suppressing the induction of hemodynamically unstable ventricular tachycardia, and in 39 patients (55%) it was not. The mean cycle length of the induced ventricular tachycardia in these 39 patients was 332 ?Z 56 msec, and the mean arterial pressure during the ventricular tachycardia was 42 f 11 mm Hg. Ten of the 39 patients underwent implantation of an automatic cardioverter/defibrillator; two other patients did not give consent for a defibrillator implantation and continued on combi- nation therapy with quinidine or encainide. Twentyseven patients had long-term therapy with a combination of amiodarone and a class I antiarrhythmic agent.
Comparison of the results of the testing after shortterm and after long-term therapy. Among 44 patients who had favorable responses during electrophysiologic testing after short-term therapy with amiodarone, 18 (41% ) no longer had favorable responses after long-term therapy and had inducible sustained, hemodynamically unstable ventricular tachycardia. On the other hand, among the 27 patients who had inadequate responses after short-term therapy, 6 (22 % ) had favorable responses after long-term therapy and no longer had inducible hemodynamically unstable ventricular tachycardia. These results are summarized in Table II. Of the 18 patients who did not have inducible ventricular tachycardia after short-term therapy, ventricular tachycardia remained noninducible after long-term therapy in only six. Eight of the 18 patients (44 % ) had inducible ventricular tachycardia, which was hemodynamically unstable after long-term therapy.
Overall, in 34% of the 71 patients in this study, the results of programmed ventricular stimulation after short-term therapy with amiodarone did not accurately predict the results after long-term therapy. None of these patients experienced hemodynamitally unstable ventricular tachycardia or sudden death during the interval between the two tests. (p < 0.0001). There was no significant difference in the tachycardia cycle length between short-term and long-term amiodarone therapy (Table III) . The mean blood pressure during the tachycardia increased by 53 % +-73 % between the baseline state and the early follow-up study 0, < O.OOOl), but by only 27 % f 73 % between the baseline state and the late follow-up study (p < 0.01). The decrease of 11% * 37% between the early and the late studies was also significant (p < 0.001). There was a significant linear correlation between the ventricular tachycardia cycle length and the mean blood pressure in all three studies (p < 0.01).
VT, Ventricular tachycardia. Non-sust, nonsustained.*p < 0.001 compared with short-term therapy. However, three patients had documented episodes of hemodynamically stable ventricular tachycardia during this interval. Among 45 patients with documented ventricular tachycardia, the clinical ventricular tachycardia was reproduced during the baseline electrophysiologic tests in 64%. After short-term therapy, ventricular tachycardia could be induced in 75 % of patients, and in 47% of them, the tachycardia had the same morphology as the ventricular tachycardia that was induced in the baseline state. After long-term therapy with amiodarone, ventricular tachycardia could be induced in 82 % of the patients, and in 60% of them the tachycardia had the same morphology as the ventricular tachycardia that was induced in the baseline state.
Among the patients with inducible ventricular tachycardia after short-term therapy with amiodarone, the ventricular tachycardia cycle length increased by 30% f 30% compared with the baseline state (p < O.OOOl), and among the patients with inducible ventricular tachycardia after long-term therapy with amiodarone, the tachycardia cycle length increased by 29% + 23 % compared with the baseline state DISCUSSION Main findings. This study demonstrates that the results of electrophysiologic testing after short-term and long-term treatment with amiodarone are discordant in 34% of patients who are treated for sustained ventricular tachycardia. In 22 % of patients in whom hemodynamically unstable, sustained monomorphic ventricular tachycardia was inducible after approximately 10 days of treatment, sustained ventricular tachycardia was either no longer inducible or was inducible but slower and hemodynamically state 2 months later. On the other hand, among 41% of patients who demonstrated an adequate response to amiodarone after short-term therapy, the response to amiodarone during electrophysiologic testing 13 f 4 weeks later was no longer adequate, and hemodynamically unstable ventricular tachycardia was inducible. These findings demonstrate that the results of electrophysiologic testing after a high loading dose regimen may not accurately reflect the results that are found after several weeks of treatment with a maintenance dose of 400 mglday and indicate the importance of reevaluating patients after 3 months of therapy, even when the clinical course during the first 2 or 3 months of therapy has been benign. In contrast to the variable effect of amiodarone on the inducibility and hemodynamic stability of ventricular tachycardia after short-term and long-term treatment, its effect on measures of conduction and ventricular refractoriness were the same after 10 days and after 3 months of therapy.
Prognostic implications of the results of electrophysiologic testing after short-term amiodarone therapy. Of note is that none of the patients in this study experienced hemodynamically unstable ventricular tachycardia in the interval between the electrophysiologic tests that were performed after short-term and after long-term therapy with amiodarone. Therefore although an acceptable response during electrophysiologic testing after short-term therapy with amio-darone does not guarantee that the response will still be acceptable 3 months later, the absence of inducible ventricular tachycardia that is hemodynamically unstable after short-term treatment suggest that the patient may be safely discharged from the hospital to await a repeat electrophysiologic test 3 months later.
Amiodarone prolongs the sinus cycle length and slows conduction throughout the heart.lm3> 7-g, 13-16 With a loading dose of amiodarone for 1 to 2 weeks and then a maintenance dose for 1 to 3 months, the prolongation in sinus cycle length and the slowing of conduction has been found to be maximal after 1 to 2 weeks of therapy.6-8, 14, 17, l8 The present study confirms this observation.
In early experimental studies, when treatment with amiodarone was started at a low dosage, prolongation of the ventricular action potential was gradual in onset and maximal only after 6 weeks of treatment.l, 3, 5 In contrast, in studies in which a loading dose of amiodarone preceded treatment with a maintenance dose, significant electrophysiologic effects were present and often maximal after 1 to 2 weeks of treatment.6a 8-g, 14, 18s lg In the present study, the mean total amiodarone loading dose was 17.3 ? 6.8 gm, which is markedly higher than the loading doses that were used in previous studies. With this high loading dose of amiodarone, the electrophysiologic effects of amiodarone were maximal after approximately 10 days of treatment. Therefore although the effects of amiodarone on the results of programmed ventricular stimulation after 3 months of treatment cannot be accurately predicted after 10 days of treatment, the effects on the sinus cycle length, on parameters of conduction, and on the ventricular effective refractory period are already maximal after short-term treatment when a large loading dose is used. The discrepancy between the effects of amiodarone on measures of conduction and refractoriness and the antiarrhythmic effect of amiodarone indicates that global measures of conduction and right ventricular refractoriness may not accurately reflect changes in the electrophysiologic properties of the reentry circuit.
Effects of amiodarone on ventricular tachycardia and comparison with previous studies. The timing of the maximal antiarrhythmic effect of amiodarone has been the subject of several recent studies.6-8, lo, 11, lg These studies demonstrate that the response to amiodarone during electrophysiologic testing may be better after long-term therapy than after short-term therapy. However, none of these studies included patients who had acceptable responses to amiodarone after short-term therapy. Previous studies have had a population size of 20 to 34 patients and have included patients who had inducible ventricular fibrillation in the baseline electrophysiologic test.6l 7s lo Only the most recent studies included hemodynamic criteria for assessment of the antiarrhythmic effect of amiodarone.6, l7 In contrast to previous studies, the present study included 71 patients, each of whom had inducible, sustained, monomorphic ventricular tachycardia in the baseline state and each of whom underwent electrophysiologic testing after long-term treatment, even when a favorable response had occurred after short-term treatment.
Limitations.
A limitation of this study is that it does not provide direct evidence that the results of electrophysiologic testing after 2 to 3 months of amiodarone therapy are clinically significant. When hemodynamically unstable ventricular tachycardia was inducible, patients either received combination therapy with a second antiarrhythmic drug or underwent implantation of an automatic defibrilator, in which case amiodarone therapy was discontinued or tapered in dosage. Therefore the natural history of patients who demonstrated adequate responses to shortterm therapy but inadequate responses to long-term therapy with amiodarone was not established in this study.
Clinical implications.
The results of this study have important clinical implications for the management of patients with life-threatening ventricular tachycardia who are treated with amiodarone. In patients in whom sustained and hemodynamically unstable ventricular tachycardia is inducible after 1 to 2 weeks of treatment with a loading dose of amiodarone, combination therapy with a class I ant&rhythmic drug may result in slowing of the ventricular tachycardia that is sufficient to result in hemodynamic stability during ventricular tachycardia. If this is the case, the patient may be safely discharged from the hospital with treatment that consists of the combination of the class I drug and a maintenance dose of amiodarone. Repeat testing 2 to 3 months later, after discontinuation of treatment with the class I drug, may demonstrate that amiodarone by itself is sufficient to suppress the induction of ventricular tachycardia or to result in the induction of sustained ventricular tachycardia that is hemodynamically stable. These patients may then be safely treated on a longterm basis with amiodarone by itself, whereas the other patients may require continued treatment with a second drug or may be appropriate candidates for implantation of an automatic implantable cardioverter-defibrillator.
Some patients who demonstrate an adequate response to amiodarone during electro-physiologic testing after 2 to 3 months of therapy might otherwise have been thought to be appropriate candidates for implantation of an autonomic cardioverter-defibrillator, if the decision to implant the defibrillator were based on the results of electrophysiologic testing that was performed after short-term therapy.
The results of this study also indicate the importance of a follow-up electrophysiologic test after 2 to 3 months of therapy with amiodarone in patients who demonstrate adequate short-term responses to amiodarone. More than one third of patients who initially respond adequately to amiodarone may be found to have inducible sustained ventricular tachycardia that is hemodynamically unstable 2 to 3 months later and may therefore be appropriate candidates for therapy with a second antiarrhythmic drug or for implantation of an autonomic implantable cardioverter-defibrillator.
It should be stressed that only patients in whom ventricular tachycardia was noninducible or inducible but hemodynamically stable after short-term therapy with amiodarone by itself or with a second drug were included in this study. Our results do not imply that the final decision to implant a defibrillator in a patient who has been treated with amiodarone for life-threatening ventricular tachycardia can always be safely postponed for 2 to 3 months after an initial electrophysiologic test that demonstrates an inadequate response to amiodarone.
Patients in whom sustained and hemodynamically unstable ventricular tachycardia remains inducible after shortterm therapy with amiodarone may not tolerate or respond to combination therapy with a second antiarrhythmic agent and may be appropriate immediate candidates for nonpharmacologic therapy, such as implantation of an autonomic defibrillator.
